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ABSTRACT

The obJjective of this exploratory development is the
synthesis and evaluation of hybrid fluorosilicone
sealants for possible use as integral fuel tank seal-
antgtand other applications in high performance air-
craft.

The synthesis of alpha,omega-difunctional fluorocarbon
ethers was accomplished from both BrCF-CF>COF and
FOC(CF2)sCOF in which the functional groups were elther
bromine or iodine. An additional starting material,
FOCCF20CF2COF was successfully prepared starting with
1,4-hexachlorobutadiene. It was found that these
functional fluorocarbon ethers could be coupled to form
short polymer chains using mercury. Initial studies of
the coupling of alpha,omega-diiodofluorocarbons with
aromatic halides were successful indicating that such
compounds can be prepared in good yleld.

Cl Cl

The polymerization of the monomer, HSi\ g /SiH, furnished
Mep Mesp

by AFML gave a stiff gum which was given preliminary
evaluation. The polymer was only moderately stable but
did show some fire retardant properties. A second
monomer, HSi(CHs)2(CFz)e(CHs)2S1H, gave extensive de-
composition when polymerization was attempted.

A hybrid fluorosilicone-fluoroether (FES) sealant was
prepared containing the ether unit, -CF2CF20(CFz)2,a- in
the polymer backbone. It is presently belng evaluated 1n
our laboratories. ’

A sample of formulated sealant (in excess of one pound)
prepared as a random copolymer of FCS-610 and poly(3,3,3~
trifluoropropyl)methylsiloxane was submitted to AFML
(LNE) for evaluation.

iii
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SECTION

I. Introduction

The objectlve of this exploratory development program is
to synthesize and evaluate hybrid fluorosilicone sealants
for possible use in integral fuel tanks and other areas of

_high performance alrcraft. Of particular interest are the

improvements possible in fuel and reversion resistance,
thermal and oxldative stability and low temperature flexi-
bility.

Previous work conducted in this laboratory and described
in AFML-TR-70-278, Part I has demonstrated that a hybrid
fluorosilicone polymer of the unlt structure,

R R
[O‘S%CHchazCHQCHQS%-]X, R = CHs, R' = CF3CHzCHz, Z =

R R

(CF2CF2)p or -CF(CFz)O(CF2)s0(CFs)CF- (mixed isomers)
possessed many desirable propertles but was lacking in
oxidative stabllity and low temperature flexibillity. Con-
sequently, during the past year effort was directed toward
modification of this structure to overcome these difficulties.
In one approach, additional siloxane units were incorporated
in the polymer backbone to achleve increased low temperature
flexibility as measured by Tg. Another direction encom-
passed the study of the preparation of aliphatic fluoro-
carbon ethers with functional end groups. A third effort
was devoted to the replacement of the -CHaCHz- groupling

in the polymer backbone with phenylene units to achieve
better oxidative stability.

It 1s expected that all polymers prepared during this study
are capable of being crosslinked using silicone technology.
The resultant material is an RTV sealant which can be
further evaluated both by AFML and Dow Corning in terms of
its individual utility as a prototype fuel tank sealant.




SECTION

II. Discussion

A. Fluorosilicone-Fluoroether Hybrid Polymers (FES)

1. Preparation of X(CFa)nO(CFa)mY

Several methods have been investigated with
varying degrees of success to prepare functional perfluoro-
carbon ethers. Thus perfluorooxydiacetic and perfluoro-
oxydipropionic acid fluorides have been prepared by electro-
chemical fluorination(l). The ylelds were low but the
products could be further reacted to give longer chailn
polyethers. Perfluorooxydiacetic acid has been prepared(2)
from dichloromaleic anhydride using the relatively expen-
sive SF4. to prepare the intermediate 3,4-dichloroperfluoro-
2,5-dihydrofuran(?). which was subsequently oxidized. The
addition of perfluoropropylene oxide to a metal fluoride
salt of a perfluorocarbon diacid fluoride yields perfluoro-
ethers with acid fluoride functionality(4) but inseparable
isomeric mixtures were obtained.

It has been reported(5) that the metal fluoride adduct of
perhalocarbonyl compounds will react with fluorine-contain-
ing olefins in the presence of halogens to glive halogen-
containing fluorocarbon ethers. This report prompted an
investigation in this laboratory to determine if the re-
action could be modified to give o,w-dihaloperfluorocarbon
ethers. The feasibility of this synthetlc approach was
verified by the preparation of a,w-dibromoperfluorodiethyl
ether starting with bromodifluoroacetyl fluoride(6).

The desirability of this approach to the synthesis of
a,w-difunctional ethers was further emphaslized by the fact
that the technology to produce the required halo-functional
perfluorocarbon acids 1in large quantities was developed at
Dow Corning(7,8).

a. Preparation of BrCFoCOF and BrCF>CF>COF

Although the starting materials for the
preparation of BrCFaCOF and BrCFzCFoCOF are the corres-
ponding acids, the preparative methods(7,8) more conveniently
afford the corresponding esters. These esters were con-
verted to the corresponding acids in good yield with the
use of aqueous NaOH. The resulting acids were not exhaus-
tively purified, but rather converted to the corresponding
acyl chlorides through the use of PCls or SOClz. Since
KF can be easlly prepared 1n a sufficiently anhydrous state,
it proved to be superior to SbFs for the conversion of acyl
chlorides to acyl fluorides. In one case, (BrCFzCF2COC1)

2




an unexpected induction period in the reaction with KP
resulted in a partial product loss when the exotherm
produced a vigorous refluxing of the product.

BI’(CFZ)mCOaR %Z?IH BI'(CFg)mCOZH ggéiaor >
BP(CFg)mCOCl
m = 1 50-60% overall

2 72.5% overall

m
BrCF2C0C1 + SbF3 —————> BrCFaCOF (>55%)
BrCF,CF2C0C1 + KF ——> BrCFaCF2COF (88%)

One attempt to produce BrCFaCOF from BrCFoCFoClBr was
unsuccessful.

In an attempt to minimize the number of steps involved
in the preparation of BrCFzCFoCOF from BrCF,CFoCCls,
reaction of the latter with fuming H»SO, was studied
with the intent of isolating BrCFzCFoCOCl directly from
the reaction mixture. It was found that this procedure
gave the acid chlorlide 1n satisfactory yield but the
product contalned SOz which could not be removed by
distlllation. However, reaction of the impure BrCFoCF>COCl
with KF produced BrCFzCFoCOF which still contailned SOz.
It was decided to defer further study of this to a later
date rather than risk using an impure starting material
in the ether synthesis.

At present, a large quantity (several pounds) of
BrCF2CF2COF 1s being prepared using BrCFoCF>COOH.

b. Preparation of BrCFgCFgOCFgCFagl) gBrl

The reaction of perfluoropropionyl fluoride
with vinylidene fluoride in the presence of CsF and ICl
afforded CFaCFaCF20CF2CHzI in 40% yield(5). This reaction
was extended to produce the title compound (Br) in fair
yield(6).

BrCF,COF + CsF + CFa=CF» + Brs CHaCN S

BrCF-CF» OCF»> CF2Br
b.p. 89-91°C; 22%




During the current contract year the above reaction was
repeated and extended using I, as the halogen.

BrCFoCOF + CSF + CFo=CFs + I» CHaCN __ &

BrCFoCF20CF2CFI - 12%
b.p. 64-66°C (110 Torr)

Subsequent work with BrCFzCFzCOF using D.M.F. as the sol-
vent suggests that the ylelds of these two ethers could
probably be increased by substituting D.M.F. for CHsCN.
In both reactions appreclable quantities of 1,2-dihalo-
tetrafluoroethane were formed. One attempt to produce
BrCFaCFa0CF2CF2I dlrectly from BrCF.COF, ICF2CF2I1 and

CsF at 150°C resulted in complete carbonization of the
reaction mixture.

c. Preparation of BrCFaCFzCFzO0CF2CFoBr

The tiltle compound was synthesized for
several reasons: an unsymmetrical ether was desired as
a polymer backbone segment; the method of Evans, gg‘gl.(5)
was to be further lnvestigated; and the synthesis of the
starting acid fluoride (BrCFoCFoCOF) was probably more
feasible than the synthesis of BrCFxCOF.

The following reaction summarizes the data obtained from
this study.

BrCF-CFoCOF + CsF + CFp=CF, + Brz ——>
BrCFaCFaCFo0CFoCFoBr 4+ BrCFoCFoO0CFCHBr +
recovered acid fluoride

The presence of BrCFaCF0CFaCFzBr was not expected and
prompted a detailed analysis of the recovered acid fluoride.
According to glc/hass spec. analyslis the following com-
pounds were present in the amounts indicated: ~ 2% CFsCF2Br,
~ 20% BrCFzCOF, ~ 65% BrCFaCFoCOF, ~ 12% BrCFaCFzBr and a
trace of CHsBr. The presence of BrCFoCOF suggested that

the starting BrCFaCFz2COF be re-examined. G.l.c. analysis

of the starting BrCFaCF2COF indlicated the presence of only
one component and derivitization of an aliquot with

ethanol yielded only one product according to glc. One

can only conclude that the BrCF2COF was produced durlng

the reaction. It 1s likely that the observed BrCFzCFzOCFaCFzBr

y




was produced from the BrCFaCOF, but further work is indicated
to fully explain these unexpected results. Evans, et al.(5)

makes no mention of CFaCFzCOF yilelding CF3COF or CFaCFzOCFo-~

CHzI in the presence of CsF, CFa=CHp and ICl.

d. Reaction of BrCFoCF20CFoCFaI with Hg

A spectrum of products was obtained from
the reaction of BrCFaCF20CFoCF>I wlth mercury in the presence
of ultraviolet light. Conversions were moderate in the two
experiments that were tried. The products were not isolated
due to the small scale of the reaction but rather were con-
veniently characterized by glc/hass spec. as follows:

1 BrCF2CF20CF2CF2CF2CF20CF2CFBr ~ 83%
2 BrCF2CF20CF2CF2CF2CF20CFaCF2 I ~ 12%
3 BrCFoCF20CF2CFoCF2CF2CF2CF20CF2CF2Br  ~ 3%
4 BrCFzCF20(CFz)40(CF2)40CF2CF2Br ~ 2%
5 ICFaCF20CFzCF2l trace

1 is the expected product from -CFzI/CF>I- coupling and
Probably arises from the small amount of ICFaCFoI initially
present. Detection of 4 represents the limit of the
spectrometer, but highe® molecular welght species are
probably present only in vanlshing small amounts, 1f at
all. The presence of 2 and 2 suggest that the -CFzBr group
might be participating in the reaction and that iodine-
terminated ethers are not required for useful coupling
reactions.

2. Preparation of CHx=CH(CFz)z,30(CFz)oCH=CHp

and FES Sealant

The synthetlc route for the preparation of
FES sealant 1s described in equations below:

DTBP AN

Br(CFa)a,so(CFa)aBr + CH2=CH2

BPCHaCHa(CFg)z,sO(CFg)aCHgCHzBP

-HBr
\/




CHo=CH(CF2)2,30(CF2)2CH=CHy —38 >

Ha Ha
C13$1CHoCHz (CF2 ) 2,30 (CF2 ) 2CHaCH281C1
2 Hz

Ha gH2
Fs Fa

l. hyd.
2. poly/endblock

\Vj
CHa CHs gﬂa Ha
CH2=CHgiO[ 1CHaCHz (CF2)2,30(CF2) 2CHaCH2810] , $1CH=CH,

Ha GHz CHza CHs

Ho CH>
Fa éFS
n= ~14

The addltion of CHx=CHz to the mixture of a,w-dibromoper-
fluoroether proceeds normally as expected to yield the
corresponding diaddition product, BrCHzCHz(CFz)z2,30(CFz)a-
CHzCHzBr. The yleld of CHx=CH(CFz)2,30(CFz)2CH=CHz from
Br?CFa)a,ao(CFagaBr was ~ 33%. With larger scale runs,

it is expected to obtaln much higher yields. Because of
the limited amount of the a,w-dibromoperfliuorocether, the
CH>=CHz addition had to be recycled four times to convert
most of the telogen to the dladdition product. The trans-~
formation of the diene to the FES sealant 1s identical to
the procedure described previously(10) for the FCS sealant
as shown 1n equatlons above. The sealant was found to
cure well by a RTV method, and the Tg by D.S.C. is -48°C
(-54°F). Formulation and evaluation of the FES sealant is
in progress in our sealant TS&D group.

3. Reaction of Fg(CFg)ng with Brp/CFa=CFp/CsF

A number of attempts to convert perfluoro-

glutaryl fluoride to a perhalodiether have led only to
trace amounts of the desired product (as indicated by
glc/mass spec. analysis):

Fg(CFa)agF + CsF 4+ Bro + CF2=CF2 —"_"‘"——>
BPCFQCFgo(CFa)sochchBP

6




The major (unidentified) products besides BrCFoCFzBr appear
to be nitrogen-containing compounds (glc/mass spec. analysis).
It has been shown that the treatment of labile halides with
refluxing D.M.F. gives rise to good yields of displacement
produ%ts, presumably arising from dimethylamine generated

in situ:

0 Q o
CelisCCl + HON(CHa)z —f20i—> CeHsgN(CHa)z (13)
97%
150°C

> p=-(CHa )2NCeF4CN (14)
88%

CeFsCN + HCN(CHs)z

21 hrs.

It has also been shown(16) that D.M.F., unless rigorously
purified, slowly decomposes to give dimethylamine. It
may be reasonably assumed that reaction of perfluoro-
glutaryl fluoride with dimethylamine is responsible for at
least some of the nitrogen-containing products. The use
of purified D.M.F. (distilled from Pz0s) reduced, but did
not eliminate, the formation of these side products, and
did not improve the previously observed very poor conver-
sion to the desired ether. It is believed that the use
of other polar solvents, such as diglyme or acetonitrile
will circumvent these difficultiles.

A consideration of the reaction mechanism proposed by Evans,
et al.(5) for ether formation via attack of alkoxide on
olefins reveals the intermediacy of either a T complex

or a bromonium ion:

by products B:CFQCFaBr\ by products
N B, 7 ™ pr 7 Br~

1 /s +
CF2=CF> + Bra \__—A CF> = CFz _— CF2 —\CFg

RyOM '////R OM
f \\\$ p by

RpOCF2CF2Br + MBr

It was felt that the presence of a suitable Lewis acid such
as AlBrs or AgClO, could intercept the bromide ion and
thereby force collapse of the intermediate to the desired
product. To this end, the reaction was repeated in the

T




presence of (impure) AlBrsz. A somewhat different product
dlstribution was obtained, but there was no significant
increase of the desired fluoroether. It is felt that the
competing solvent impurities overrode any possible benefit
of the AlBra. The possibilities of suitable Lewis acids
will be evaluated in different solvents.

B. FCS-610 Siloxane Copolymer Sealants

Two copolymer sealants were prepared and their
synthetlic routes are shown in equations below:

Reaction (a)

H

Ha 3
ClgiCHZCHa(CFg)eCH20H2¢1Cl controlled hyd.
H2 gHZ
Hg H2
F 3 K 3

iie 418
HOF$1CH,CHz (CF2 ) CH2CHo S10-H

Hg H2
Hg H2
Fa CFa
e —_— A1
-HC1

Ha Ha
€18iC1/CH>=CH31iC1
Ha

Hz

Hz

VAL
Hz { |CHs Ha | |{CHs | | CHs

CH>=CHSiO iCHgCHz(CFg)sCHQCHg io 10} | SiCH=CH>
CHa{ |CH2 Hz | |CHz| (CHs
Ho Ho Hz

Fa Fa | |[CF3|]~15s

prepolymer; Tg = F43°C (-45°F)




Reaction (b)

CH2 _CH( CFg ) eCH"CHg

H
F

—> C1 1 0-S1iCHzCHz (CF2 ) eCH2CHaS1-0-S1C1

Hz CHz 2 CHz
Hz Ho Hz GCHz
Fa Fa Fa Fa

Ha
—_ CH2=CH§10

Ha

H%i -0- giCl HpPtCle
2 a |
3

1. hyd.

2. poly/endblock

Hs CHa | Ha CHs [CHa
-510- 1CH20H2(CF2)eCHgCH2 1-0-310-S1CH=CHy
H

Ha| CHz2 CHo Hz CHz CHs
Hg Hz H2 H2 .
I's CF3 HFq Fa

e

Tg =-55°C (-67°F)

The sealants were found to give a satisfactory RTV cure,

and preliminary screening these sealants
ducted in our sealant TS&D group.

1s being con-

As shown in reactlons

(a) and (b) above, a significant improvement of Tg was

indeed realized with these copolymer sealants.

About one

pound of formulated sealant (made by the method (a) above)

was submitted to AFML for evaluation.

An attempt has been made to prepare

Hg g Hs
c181(0 1)3CH20H2(0F2)50H20H2 (S10)aSiC1
Hz Ho CHao
Hz Hg CHp CHz
L_ Fa CFa CFa Fa

by the reaction of FCS-610 dichloride with (CFsCH2CHaS1iCHs0)s.

According to glc analysis of the reaction

mixture, it appears

that the desired product was formed, however, distillation

failed to produce pure product.




C. Preparation of Difunctional Fluorocarbon Ethers From

Perchloro-l1,5-butadiene

Preparation of the perfluoro-oxydiacetic acid has
been accomplished in an overall yield of 42% from the per-

chlorobuta-l,3-diene as shown in equations below:

CCl1l2=CC1CC1=CCl>
NaOCsHs

\4

CC1l2=CC1CC1=CCl0C-Hs

c1
Nz

CC12=CC1CC12COC1

\LFeCls
Cl == C1
Clz [ ; 1012

\[pra
Cl == C1
le P2

o

HO2CCF20CF2CO0xH

An additional quantity, 4 kg., of the perchloro-2,5-

dihydrofuran intermediate which can be converted to the
perfluorocoxydiacetic aclid in two steps has been prepared.
Small quantities, less than 60 g., of both the perfluoro-

oxydiacetyldichloride, O(CFZQCI)Z, and the perfluorooxydi-
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acetyl-difluoride O(CF2CFz)2, have been prepared with
relative ease in initial attempts to evaluate their
respective preparative routes.

D. Coupling of I(CEg)xI with Aromatic Halides

Coupling reactions of I(CFaz)eI with <:>rI,

I\
<:>—Br, Br- , and <:>—I were examined. The results

of the examinations are summarized in Table II. As the
data in Table II show, an extensive reductive dehalo-
genation occurred. This problem seems to be associated
with dimethylformamide used as the solvent. In the
future DMSO will be employed as a solvent for this
coupling reaction. At present, a small amount of the
desired coupled product, IT:j_(CFg _I, has been iso-

0

E. Attempted Preparation of Functional Fluoroethers
from (CFs)2C=0/XCFpCFoX/CFp=CFo

lated and characterized.

It has been reported that hexafluoroacetone and
tetrafluoroethylene undergo free radical catalyzed co-
polymerization to yield polyfluoroethers as shown below(1ll):

I B
. ) 3
CF2=CFz —2> ~~CFp: —CFaCCFa wchgo- _—
Fa
CFo=CF F3
— =R 2. S A~CFaCOCFaCFpe —> etec.
F3 ) ’ *

On the basis of the above described polyfluoroether forming
reaction, the free radical initiated reaction of XCFpCF»

(X = Br or I) with CF>=CF>/CF3COCFas was investigated to yield
possibly XCF2CFz(CFzCFz) C(CFS)ZO(CcmFg)nX and/or
XCFZCFa(CFacFa)nOC(CFa)a CFQCFa)mX.

In the reaction of BrCFaCFzBr with CFo=CFp/CF3COCFs, the
only isolable product was (CFs)2C(OH)CH2COCHs formed by
Aldol condensation of hexafluoroacetone and acetone derived
from the decomposition of di-t-butyl peroxide used as an
initiator. Using BrCFaCFoI no isolable products were ob-
tained. Thermal reaction of ICFaCFzI with CF2=CF2/CF3000F3,
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in the absence of a peroxide initiator, gave I(CFz)4I and
no desired ether. 1In view of these unsuccessful results,
work in this area was immedlately discontinued.

F. Attempted Pyrolysis of Perfluoroethers (Fomblin®,
Krytox®, and Freon® E-5) in the Presence of Bromine

Exploratory work has been conducted for the prepa-
ration of functionally terminated perfluoroethers from
commercially available nonfunctional perfluoroethers. The
procedure is to thermally degrade the fluoroether polymer
and react the radicals thus formed with excess bromine.
The reactions were initially carried out by slowly passing
metered amounts of the fluoroether and bromine through a
heated nickel reactor tube filled with carborundum spheres
and collecting the product in a water scrubber. Results
of the reaction at various temperatures are shown in
Table I. As the data in Table I show, no significant
thermal degradation has occurred. The F!® nmr analysis
of the product indicates the presence of some CF-Br speciles.
On the basis of the probable structure of the ethers, it
appears that CF-Br specles were formed by bromination of
the hydrogen in ~-CFH- segment of the ethers. However, a
great deal of degradation of perfluoroether occurred with
a reactor tube filled with a mixture of ca. 50% alumina
and ca. 50% carborundum spheres, but no isolable products
were formed.

G. Other Polymer Studies c1 c1
CHs CHa
1. Preparation of 31 __g\ \5_.81
CHa S CHa
n

Cl _ Cl

Using a sample of HSi_/ \ iH furnished by
Me2 Mez

AFML a polymerization study was conducted by first hydrolyz-
ing the monomer in the presence of 0.2% Pd on carbon followed
by condensation with tetramethylguanidine trifluoroacetic
acid. Prior to condensation the hydrolyzate was treated
with (CHz=CH) (CF3CHzCHz)SiClz in order to introduce cross-
linking sites. The resultant polymer was a stiff gummy
material with a Tg of +3°C (DSC). Analysis by differen-
tial thermal means indicates that oxidation begins at 260°C
and becomes catastrophic at 480°C. Isothermal gravimetric
analysis in air showed a 14% weight loss at 250°C in 24
hours and about 56% weight loss at 316°C. The polymer
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Seemed to possess some fire retardant properties. A sample
of this polymer was submitted to AFML.

CHs CHs
2. Attempted Polymerization of HSi-(CFz)eSiH
CHa CHs

A sample of the above monomer, obtained from
AFML, was hydrolyzed in the presence of Pd/C at room
temperature. The reaction proceeded slowly requiring
several days to reach completion (absence of SiH). The
hydrolyzate was treated with a small amount of tetramethyl-
guanadine/trifluoroacetic acid at 80°C. No evident polymeriza-
tion took place and analysis of the very complex reaction
mixture indicated extensive cleavage of the CFz-Si bond
occurred. Spectral analysls of the reactlion mixture in-
dicates the formation of H(CFz)eH, (Megsiogx and H(CFz)e-
S1(CHsz )20[Si(CHa)2(CF2)e(CHs )2S10],0S1(CHs )2(CF2)eH. Such
an extensive decomposition of 58125F2)531s under so mild
conditions 1is unexpected, and our observed instability of
=31 (CF2)eSi= is quite consistent with the recent findings
of Sharp and Coyle(l2). The authors report that CFzSi=
gives rise to CFaH upon treatment with water and that
quantitative decomposition of CFzSi= occurs at temperatures
as low as 78°C.
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SECTION

III. Experimental

A. Fluorosilicone-Fluoroether Hybrids (FES)

1. Preparation of BrCF2C02H

a. Hydrolysis of BrCFaCOzEt in Aqueous HpSO4

Water, 1,000 ml., containing 100 ml. of
conc. HzS04 was stirred with 585 g. (2.88 moles) of ethyl
bromodifluoroacetate for 4 hrs. at room temperature and
for 64 hrs. at 60°C. An additional 24 hrs. at 60°C failed
to consume additional ester. The organic layer (315 g.)
was separated and treated with 1,000 ml. of HyO containing
100 ml. of conc. HaSO4 at 60°C for 66 hrs. Insoluble
organic materlal remaining at this point totaled 85 g.
The aqueous phases were combined and extracted continuously
with ether for 15 days. The dried ether phase was distil-
led to remove solvent and the residue was fractionated to
yield 67 g. (0.33 mole) of nearly pure ester and 164 g. (0.94
mole = 444) of a liquid/solid product, b.p. 60-62°C (30 mm.).
This material was chilled to -10°C and filtered to yield
105 g. (0.6 mole = 28%; of white crystalline BrCF>COOH and
59 g. (0.34% mole = 16%) of liquid BrCFzCOzH (containing
some Et20).

b. Hydrolysis of BrCFaCOzEt in Aqueous NaOH

Ethyl bromodifluoroacetate, 556 g. (2.74
moles) was added slowly to 1,000 ml. of water containing
162 g. (4.05 moles) of NaOH. The cooled reaction mixture
was flltered to remove a crystalline phase, 29 g. and the
filtrate was devolatilized at reduced pressure to remove
ethanol. The aqueous phase was then acidified with 300 g.
of conc. HzS04 and continuously extracted with ether for
8 days. Ether was removed by distillation and the residue
was fractionated to yileld 383 g. (2.22 moles = 81%) of
liquid BrCF2COzH (containing some Et20).

2. Oxidation of CFzBrCFClBr

A 500 ml. three-necked flask fitted with a
stirrer, reflux condenser vented to a dry-ice-cooled trap
and an addition funnel was charged with 152 g. (0.55 mole)
of CFzBrCFC1Br, 13.0 g. (0.044 mole) of HgSO4 and 2.0 g.
(0.004 mole) of HgzSO04. Fuming sulfuric acid (30% SOsz),
100 ml. was added dropwise from the additlion funnel. When
no reaction was noticed the stirred reaction mixture was
heated gently overnight. The bromine that was generated
and other volatile products were swept into the cold trap
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with a stream of nitrogen. The residue was poured into
315 g. of ice and the solution was continuously ex-
tracted with ether for 10 days. No organic material
could be isolated from this extract. The volatile
material was swept through a solution of 67.5 g. (0.8
mole) of hexene-l in 610 g. of CCls to absorb halogen.
G.1l.c. analysis detected the presence of only one product
(in addition to unreacted hexene) in the CCl, phase,
presumably 1,2-dibromohexane.

3. Preparation of BrCF»COCl

Crystalline BrCFCOOH, 105 g. (0.6 mole) was
melted and added slowly to 150 g. (0.72 mole) of stirred
PCls contained in a 500 ml., three-necked flask. The
reaction mixture was stirred at room temperature over-
night, distilled to a vapor temperature of 70°C and the
distillate fractionated at atmospheric pressure with a
15" glass helices packed column to give glc pure
BrCF2C0C1, 47.0 g. (0.242 mole = 40.5%), b.p. 49-50°C,
infrared 5.49 u, 5.58 u (-COC1l). .The reaction was re-
peated with 388 g. of 1liquid BrCFoCOOH (containing some
Et20), and 454 g. of PCls to give 209 g. of product that
contained ca. 10% Etz0. Another portion of liquid
BrCF2CO0H (containing some Etz0), 59 g. was treated
with 100 ml. of SOClz contalining 0.5 ml. of wet pyridine
and the product fractionated to give 45.5 g. of a 1:2
mixture of Et0 and BrCFzCOCl. The volatile material
that was trapped beyond the receiver during the fractio-
nations described above was refractionated to give 136 g.
(0.7 mole) of BrCFpCOCl. Total product equalled 437 g.
which was approximately 85% pure.

4, Preparation of BrCFzCOF

A two-lliter, three-necked round-bottom flask
was fitted with a stirrer, water cooled condenser and
isobaric addition funnel vented to two dry lice cooled
traps in series. Antimony trifluoride, 600 g. (3.37
moles) was placed in the flask and BrCFzCOCl, 437 g.
(containing some ether) was added slowly via the funnel.
No exotherm was noticed so the reaction mixture was
stirred at reflux overnight. The volatile product was
- fractionated through a 15" glass helieces packed column
and transferred via vacuum line techniques to a metal
cylinder, to yileld 219 g. (1.24 moles = 25% based on
BrCFzCOzEt) of BrCF2COF. An infrared spectrum of the
gas showed a sharp absorption at 5.30 p (-COF) and crude
vapor pressure measurements at -78°C, -15°C and 0°C in-
dicated a normal boiling point of -3°C ¥ 1°C.
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5. Preparation of CClaCFaCFzBr

Telomerizatlion of CFp=CF> in the presence of
CClaBr gave CClaCF2CF2Br in a yleld greater than 75%(9) .

6. Preparation of BrCFpCF>COOCHs

Following the reported method(8), the ester,
BrCFaCF2CO0CHs, was prepared in an average of 75% yleld.

7. Preparation of BrCFsCFaCOCl

a. From BrCFaCFoCOOMe

To a warm solution of 216 g. (5.4 moles)
of NaOH in one liter of water was added 863 g. (3.6
moles) of BrCFzCF2COzMe, at room temperature overnight.
Methanol was removed through a Vigreaux column at mini-
mum pressure and the aqueous residue was treated cautiously
with 530 g. (5.4 moles) of concentrated HzSOs4. The heavy
organic layer, 918 g., was separated and extracted with
ether. The aqueous layer was extracted continuously with
ether for three days. The combined ether extracts were
dried (Drierite) and devolatilized to yield 830 g. of a
liquid product, which was added to 900 g. (4.33 moles) of
PCls contained in a three liter, three-necked flask.
After standing at room temperature overnight, the reaction
mixture was distilled through a Vigreaux column to a pot
temperature of 100°C. The distillate was fractionated
through a 36" spinning band column to yield 634%.7 g.
(2.61 moles = 72.5%) of BrCFzCFoCOCl, b.p. 66.5-69.5°C.
The spectral propertles were completely in agreement
with the assigned structure.

b. From BrCFaCFpCCls via BrCFaCFaCOOH

A three liter, three-neck flask fitted
with a mechanical stirrer, one liter 1sobaric dropping
funnel, and water-cooled condenser vented to a dry ice/
acetone-cooled trap was heated thoroughly with a hot
air gun and swept with dry nitrogen. After cooling, 1t
was charged with 9 g. of HgzSO04, 45 g. of HgSO4, and
900 g. (3 moles) of ClaCCFzCFzBr. About 900 ml. of 30%
fuming sulfuric acid was added rapidly dropwise to the
‘stirred solution, and the mixture was maintained at
about 115° for 76 hours.

The dark reaction mixture was cooled to room temperature,

and the salt was filtered off. The filtrate was added
dropwise to ice water contained in a five liter flask
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fitted with a stirrer and cooled in an ice bath. About
400 g. of a heavy strong-smelling organic liquid sepa-
rated and was dried over Drierite; the aqueous phase

was continuously extracted with ether for four days.

The ether extract was dried over Drierite, and the ether
was stripped off. The residue was combined with the
organic layer to give a total of 450 g. of crude acid.
The crude acid was converted to BrCFzCF-COCl following
the procedure described above.

8. Preparation of BrCFpCF>COF

a. Neat

Dry KF, 25 g. (0.43 mole) was treated
with 68.2 g. (0.28 mole) of BrCFachcocl in a 250 ml.,
three-necked flask that had been fitted with a stirrer
and reflux condenser vented to a Dry Ice cooled trap.
A slight exotherm was noted; gentle heating caused a
reflux. The condenser water was turned off and the
product allowed to escape to the trap, yielding 55.3 g.
(0.246 mole = 87.8%) of BrCFaCFoCOF. The reaction was
repeated by adding 200 g. (3.45 moles) of dry KF in
five portions over a period of five minutes to 566.5 g.
(2.33 moles) of BrCFzCF2COCl contained in a one liter,
three-necked flask. Shortly after the final portion had
been added an exothermic reactlon occurred which caused
a flooding of the condenser, the popping of a stopper
and a partial loss of product. The product, 355 g.
(1.58 moles = 67%) was found to be slightly contaminated
by acid chloride according to glc and infrared analyses.
The products from both fluorinations were combined and
fractionated in 18" glass helices packed column to give
350 g. (1.57 moles = 60%) of BrCFzCFoCOF, b.p. 29-30°C.
?he_i?frared spectrum showed a strong band at 5.35 u
-COF).

b. With Solvent

An oven dried (120°, 2 hrs.) three-necked
100 ml. flask was fitted with a stirrer, dropping funnel,
and distillation head, and charged with 21 g. (about 360
mmoles) of technical grade dried (210°/0.2 mm.) anhydrous
.potassium fluoride. The system was flushed with dry
nitrogen and heated to 180° for 2 hrs. After cooling,
50 ml. of acetonitrile which had been dried over molecular
sieves was added. The suspension was heated to about
60° and 22 g. (90 mmoles) of BrCFaCF2COCl was added slowly.
A low boiling fraction, shown to consist of BrCFzCF,COF
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(infrared identical to that of an authentic sample) and
acetonitrile was collected. The total yield of pure
product was 15.9 g. (70 mmoles, 78%).

9. Preparation of BrCFaCF2COCl Directly from
CClaCFoCF2Br

Into a stirred mixture (slurry) of 300 g.
(1.05 moles) of CClsCFoCFzBr, 15 g. of HgSO4, and 3 g.
of Hg»S0, was added 300 ml. of fuming H>S04 (30% SO3)
at room temperature. After the addition, the reaction
was stirred at 125°C for 72 hrs. under a mild reflux.
The reaction mixture was then strip distilled under
atmospheric pressure at a pot temperature up to 130°C
to yield ca. 187 g. of a light reddish liquid. Gas
chromatographic analysis indicates that the product is
a mixture of two components. A small amount of the strip
. distillate was treated wlth ethanol. Gas chromatographic
and infrared analyses showed that the product arising from
the ethanol treatment is BrCFzCFpCO0CzHs, thus indicating
that one of the two components in the strip distillate

contains the BrCFaCFag- moiety, probably derived from
BrCFxCFoCOC1.

Redistillation of the strip distlllate gave 151 g. of
liquid product, b.p. 61-67°C. The redistilled material
was again composed of one major compound and a minor
impurity. Glc-mass spec. and infrared analyses indicate
that the major component is BrCFpCF2COCl and the minor
impurity is SOp. Therefore, 1t appears that it would be
difficult to separate BrCFzCFzCOCl from SO, contamination.

10. Preparation of BrCFaCFoCOF from BrCFaCFaoCOC1
Containing SOz as an Impurity

About 136 g. of BrCFaCF2C0Cl containing SO
as an impurity was added to 44 g. of anhydrous KF with
stirring at room temperature. Upon the initial addition,
a milld exothermic reaction occurred. The addition was
conducted slowly for ca. 1 hr. while stirring under an
atmosphere of nitrogen. The reactlion was then stirred
at 65°C over a week-end, but a considerable amount of
~high boiler remained in the reaction flask (b.p. of
BrCFaCF2COF is 29~30°C). Then, the reaction temperature
was raised to 80-90°C, and an additional 25 g. of anhydrous
KF was introduced to the stirred reaction mixture. After
ca. 0.5 hr. of inductlion, a liquid material was collected
in the receivers cooled to 0°C and ~78°C. The product
collected in the receiver cooled to 0°C, ca. 20 g., was
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distilled to yield a gas chromatographically pure product
b.p. {30°C. Infrared spectrum of the product was identi-
cal in every detail with that of known BrCFaCFaCOF (made
from pure BrCF2CFaCOOH) with the expection that the spec-
trum has a strong band at ca. 1415 cm. ! that is absent

in the spectrum of known BrCFpCFoCOF. Therefore, this
direct approach for the synthesis of BrCFCFoCOCl(F) is
being temporarily abandoned until a better purification
procedure is avallable. At present, BrCFoCFzCOF is being
prepared through BrCF>CF>COOH.

The residue iIn the still pot after strip distillation was
treated with ethanol to yield 69 g. of BrCF-CFoCOOCsHs

(ca. 90% pure by glc).
11. Preparation of BrCFpaCFoOCF-CFoBr

A heavy-walled glass ampoule of 260 ml.
capacity was charged with 15.9 g. (0.105 mole) of CsF
and 50.3 g. of dry (Pz20s) CHaCN. The ampoule was chilled
to -78°C and further charged with 16.0 g. (0.10 mole) of
bromine and 17.7 g. (0.10 mole) of BrCF,COF using vac-
line techniques. The ampoule was then warmed to -15°C
and pressurized to O psig. with CFp=CF> (no precautions
taken to remove the inhibitor). A pressure drop was
noticed so further CFa=CFz addition was conducted as
follows: ‘ _

+ 10 psig. to =10 psig./-15°C to +10°C/overnight
+ 10 psig. : - /30°C /4 hrs.
+ 15 psig. /27°C /3 days

Bromine color was discharged and 120% of theoretical
CF2=CF> was used. The reaction mixture was filtered to
give 20.0 g. of salts and a filtrate which was quenched
with water. The insoluble phase was washed with one
equal volume portion of water, dried with Drierite,
filtered and fractionated at atmospheric pressure on a
spinning band column to yield 8.3 g. (0.022 mole = 22%
of glc pure BrCF>CFo0CFaCFzBr, b.p. 89-91°C, whose
infrared spectrum was lidentical with an authentic sample
prepared independently(G%, 25 = 1.3%291; F*® nmr 69.9 ppm
(triplet, 4.02, CF2Br), 7.8Dppm. (triplet, 3.98, CFz0).

Anal. calc'd. for C4BrpFg0: C, 12.70; Br, 42.52; F,
40.1¥. Found: C, 12.9; Br, 42.5; F, 40.8,
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12. Preparation of BrCFaCFoO0CFoCFoI

A heavy-walled glass ampoule of 260 ml.
capaclty was charged with 28.6 g. (0.176 mole) CsF
and dried in vacuo overnight at 150°C. The vacuum
was broken with dry (Drierite) nitrogen and the tube
was charged with 90.9 g. of dry (P20s)CHaCN, 33.8 g.

§O.191 mole = 8.6% exéeSsg of BrCFCOF, and 90 g.

0.355 mole = 102% excess) of pulverized Ip. The
evacuated ampoule was pressurized to 15 psig. with
CFo=CF, at room temperature and the reaction allowed
to continue for 40 hrs. while being agitated with a
wrist-action shaker. Volatile material was removed
from the ampoule at minimum pressure and collected in
a dry ice cooled trap. Iodine was removed from the
distillate with aqueous sodium thiosulfate and the
colorless organic layer was washed with one portion
of water and one portion of aqueous NaHCO;. Fractiona-
tion of the dried (Drierite) organic layer on an 18"
spinning band column at reduced pressure afforded 2.0 g.
(0.021 mole = 12%) of glc pure BrCFgCF20CFaCF21, ngy® =
1.3622, b.p. 64-66°C (110 Torr); F*° nmr 64.4 ppm.

triplet, 2.0, CF2I), 69.5 ppm. (triplet, 2.1, CFzBr),

7.0 ppm. (complex, 4.0, CFz0CF2). Moleoular weight =
422 (mass spec.), calculated for C,FgBrIO = 423, and
6.1 g. of an intercut consisting of equal molar amounts
of BrCFzCFz0CF-CF2I and ICFoCFz2I which was identified
by concurrent gle,F® nmr, 52.4 ppm. (singlet, ICF2CFzI)
and gle/mass spec. (m.w. = 354, calc'd. = 354).

13. The Reaction of BrCFoCOF with ICFpCFoI1

A heavy walled glass ampoule (20 ecm. x 2.0 cm.
0.d.) was charged with 6.5 g. (0.037 mole) of BrCF-COF,
22.8 g. of dry (P20s) D.M.F., 5.10 g. (0.034 mole) of
dry (heat, vacuum) CsF and 12.0 g. %0.034 mole) of
ICF2CF2I. The ampoule was chilled to -78°C, evacuated
and sealed. After being heated and rocked at 150°C for
16 hrs., the tube was chilled to -78°C, opened and vented
to a dry ice cooled trap. Considerable pressure release
occurred when the ampoule was opened and 2.4 g. of a gas
was lost. Very little material was collected in the

trap while the ampoule was being warmed to room temperature.

‘Quenching the devolatilized reaction mixture with aqueous
NazS0s solution did not preclipitate any organic phase or
discharge the dark color of the material. Filtration
yielded a carbonaceous residue which was not examined
further.
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14. Preparation of BrCFpCFpCFpOCFoCFzBr

A two-liter, one-necked flask fitted with a
magnetic stirring bar was charged with 152 g. (1.0 mole)
of CsF and dried in vacuo for several hours at 140°C.

The vacuum was broken with dry nitrogen and 400 ml. of dry
(P20s5)CHaCN was added to the salt. The slurry was
chilled in ice water and treated with a solution of
228.8 g. (1.008 moles) of BrCF2CFoCOF in 300 ml. of

dry (P20s5)CHsCN. Gentle warming and stirring eventu-
ally resulted in a clear solution. The solution was
chilled in ice water and treated with 176 g. (1.1 moles)
of Brp. The air above the liquid was purged using
CF2=CFaz, the flask closed with a stopper containing a
dip tube (Just above the surface of the reaction mixture)
and the system pressurized to 5 psig. with CFa=CFy over-
night as the temperature increased from 0° to approxi-
mately 20°C. After 16 hrs., all bromine had been con-
sumed and 103% of theoretical CFo=CFz was used. In
addition, considerable salt had precipitated. Glc
analyslis suggested the presence of solvent, CFaBrCFsBr
and unreacted BrCFoCFzCOF but none of the desired product.
An aliquot was washed with water and the organic phase
was found to be BrCFaCFzBr according to glc analysis.

The reactlion mixture was distilled at 30 mm. until the
distillate began to freeze in the dry ice cooled trap,
indicating that solvent was beling removed. Fractiona-
tion of the distillate on a 36" spinning band column
gave 174 g. (76%) of starting acid fluoride, b.p. 27~
30°C, and 76 g. (27.5%) of BrCFzCFzBr.

The reaction was repeated in an ampoule of 260 ml.
capacity using 23.0 g. (0.151 mole) of dry (heat and
vacuum) CsF, 35.0 g. (0.154 mole) of BrCFzCFzCOF, 80 ml.
of dry (P20s) D.M.F. and 26.5 g. (0.166 mole = 10%
excess) of bromine. The evacuated ampoule was pressurlzed
with CFo=CFz; to 5 psig. and agltated at room temperature
for 16 hrs. Bromine color was discharged and salts pre-
cipitated. The reaction was distilled under reduced
pressure at room temperature to 1/2 of its volume and
the distillate was fractionated to yield 7.7 g. (0.034
mole = 22%) of BrCFaCFoCOF, b.p. 29-31°C, 22.4 g.
(0.0525 mole = 43.7% yield) of BrCFaCFaCFz0CF.CFzBr,

b.p. 112-114.5°C; and 6.8 g. (0.026 mole) of BrCF CFzBr,

b.p. 45-47°C, whose infrared spectrum was identical
with that of an authentic sample.

Anal, calc'd. for CsFio0Brz0: C, 14.10; Br, 37.53; F,
44 61; m.w. = 426. Found: C, 14.1; Br, 34.8; F, 46.7;

m.w. = 424,
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The F° nmr spectrum was consistent with the assigned
structure, BrCFaCFoCF0CFCFsBr.

In addition, a 3.6 g. intercut was obtained which,
according to glc/mass spec. contained BrCFaCFzO0CF2CF2Br
and BrCFzCF, CFo0CFoCF2Br.

Subsequent reactions were conducted in D.M.F. using
elther glass ampoules or a Parr kettle. Since the
experimental technique 1s essentially the same in each
case a tabular summary of all the reactions will suffice
to describe the results. In some runs recovered
BrCF,CFoCOF was used as the starting materlal. Several
attempts were made to free thils materlal of the impurities,
BrCFoCFzBr, CFsCFzBr, and BrCFoCOF, but prohibitive losses
of BrCFaCFzCOF in intercuts was experienced. In summary,
from 350 g. (1.57 moles) of BrCFoCFCOF there was obtained
118.4 g. %0.28 mole = 17.7%) of pure BrCF.CF>CF20CFzCF:Br,
b.p. 114°C and 117.3 g. of an approximately equimolar
mixture of BrCFsCF>0CFaCFoBr and BrCF CFCFoOCFCFoBr,
i.e., ca. 55 g. (0.15 moles = 9.5%) of BrCFzCFz0CF,CF2Br
and ca. 63 g. (0.15 mole = 9.5%) of BrCFzCF,CF>0CF2CF2Br.
Total yield of ethers (assuming both ethers arise from
BrCFoCF2COF) was 36.7%. A detailed summary of these
reactions can be found in Table II1I.

15. The Reaction of BrCFaCFoOCFoCFo1 with Mercury

A small quartz ampoule was charged with 31 g.
(0.15 g.-atom) of mercury and 2.2 g. (0.005 mole) of
BrCFaCFo0CF2CF2I. The ampoule was sealed and heated at
85°C for 8 hrs. while being rocked end-to-end. No
apparent reaction occurred so the unopened ampoule was
rocked at a distance of 10 cm. from a 100 Watt high
pressure Hanovia U.V. light for 16 hrs. The tube was
opened, extracted with ether, filtered, the filtrate
concentrated on a steam bath, filtered, and examined by
glc. Starting material (~ 50%) and higher boiling
materials (~35%) were detected. The coupling reaction
was repeated using a quartz tube (4 cm. x 30 cm.)
sealed at one end and containing a glass stirring rod
and Teflon® paddle inserted through a rubber stopper.

The tube was charged with 238 g. (1.2 g.-atom) of Hg,

purged with dry Nz while being heated to remove residual
H,0 and finally stoppered. When cool, the tube was
charged with 6.58 g. (0.0155 mole) of BrCFpCFz0CF2CFzI1

and the mixture rapidly stirred for 24 hrs. at a distance
of 10 cm. from a 100 Watt Hanovia U.V. light source.

Glc analysis indicated a cleaner but less complete re-
action than was observed previously. The reaction mixture
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was extracted with CHzClz, filtered, concentrated, and com-
bined with the product from the first reaction. This com-
blned product was examined by glc/mass spec. Molecular
ion peaks were observed for the several glc peaks, indicat-
ing the following specles to be present:

[(%) = glc area % of product]: BrCFaCF20CFoCF2I, m.w. = 422,
cale'd. m.w, = 423; BPCcmFgo(CF2)4OCF2CF2BP, (83%) m.w. = 590;

calc'd. m.w. = 5923 BPCFaCFgO(CF2)4OCF20F21, (12%) m.w, 6383
cale'd. m.w. = 639; BrCFaCFz0(CFz)eO0CF2CFBr, (3%) m.w. = 690;

cale'd. m.w. = 692 (probably arisingfrom the incorporation
of some ICFaCFzI impurity); and

calc'd. méwé = 808; BPCF20F20(0F2)4(CF2)4OCFZCF2BP, (2%)
m.w. = 500.

A promine free compound with a m.w. = 470 was detected
eluting concurrently with BrCFaCF20(CF2)40CF2CF2Br. Calc'd.
for ICFaCFz0CFaCF2I, m.w. = 470,

16. Addition of Ethylene to a,w-Dibromoperfluoroether

About 129 g. (0.32 mole) of a mixture of
BrCF2CF20CFzCF2Br (ca. 60%) and BrCFzCFzO0CF2CF2CF2Br (ca.
40%) and 2.3 g. (ca. 5 mole %) of di-t-butyl peroxide
were charged to ca. a 250 ml. capacity glass pressure
reactor equipped with a stirrer and means to measure
pressure. The system was flushed with ethylene, pressu-
rized with ethylene, and allowed to react a 125-130°C with
stirring, under a constant ethylene pressure of ca. 20 psi.
The reaction was stopped at the end of 7 hrs., an additional
2.3 g. of di-t-butyl peroxide was introduced to the reaction
mixture, and the reaction was continued for an additional
7 hrs. Gas chromatographic analysis of the mixture indi-
cates ca. 63% conversion of starting ethers, ca. 73% yleld
of 1:1 adducts, BrCHZCHa(CFa)xO(CF2§yBr, and ca. 19% yield
of 1:1:1 adducts, BrCHaCHz(CF2)x0(CF2)yCH2CHzBr (x = 2 or
3 and y = 2). The reaction mixbure wad distilled to yield
the following fractions: ’ ‘
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Cut b.p. wt. glc

1 up to 72°C 3 g.

2 T72° - ca. 50°C/15 mm. 90 g. starting ether and
1:1 adducts

3 stlll pot mostly 1:1:1 adducts

The cut no. 2 was again reacted with ethylene in the
presence of di-t-butyl peroxide in the same manner described
above. This process of ethylene addition/stripping has
been repeated four times and the combined crude 1:1:1
adduct was distilled to yileld 52 g. (~ 52% yileld), b.p.
45.74° (0.75 mm.) of ca. 80% pure BrCHzCHz(CFz)2,30(CFz)2-
CHzCHzBr (2 = ~ 60% and 3 = ~ 40%4). 1In addition to the
product, about 40 g. (ca. 31% recovery) of starting
material and some l:1 adducts were isolated.

Since the 1:1:1 adduct was impure, no analysis was obtained
on it. However, a complete analysis was made on
CH2=CH(CFz2)2,30(CF2)2CH=CH, after dehydrobromination of

the 1:1:1 adduct.

17. Preparation of CHg=CH(CFz)z,30(CF2)2CH=CHp

To a stirred solution of 25 g. (0.446 mole) of KOH
in 100 ml. of ethanol 52 g. of ca. 80% pure BrCHoCHo(CFz)2,30-
(CF2)2CH2CH2Br was added slowly at room temperature; a mild
exothermic reaction occurred. After the reaction mixture
was stirred overnight at room temperature, about 400 ml.
of water was introduced to the mixture to dissolve the salt
formed. The organic layer (bottom) was separated and dried
over Drierite to yleld ~ 30 g. of a crude product. Distil-
lation of the crude product gave the following fractlons:
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) cut _b.p.(°C) _wt. (g.) _CHa=CH(CFp),O0(CFp)aCH=CHp

1 76-119 1.2

S 1.319% 2 119 3.0) x =2
4 119-140 3.0 22.5 x =2 and 3

1.3190 5 140 %.0 x =3
6 140 5.2 x =3

T st111 6.5

residue
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The overall yield of CHz=CH(CFz)2,30(CFz)2CH=CH, from
Br(CF2)2,30(CF2)2Br is about 33%. The physical and
spectral properties of CHz=CH(CFz)20(CFz)2CH=CHz were
identical to those of the dlene-ether prepared previously
from FOCCFaCF20CFoCF2COF (AFML-TR-70-278, Part I). The
infrared and F'® nmr spectra of the cuts 5 and 6 were
consistent with CH2=CH(CF2)30(CF2)gCH=CH2.

Anal. calc'd. for CgHeF100: C, 33.76, H, 1.89.
Found: C, 33.96; H, 1.91.

18. Preparation of C1S8i(C ‘éCF§CHgCHg}CHgCH2§CFa}g,§-

O(CF» ) oCH>CHz (CFa CHo CH:; Hs )SiCl

A mixture of 20 g. (~ 0.068 mole) of
CH2=CH(CF2)2,30(CF2)20H=CH2 2 =~ 60% and 3 = A 40%),
120 g. (0.68 mole; of (CF3CHzCHz)CHsSiHC1l, and 2.5 g.
(~ 2.5% of silane) of di-t-butyl peroxide was heated
with stirring under a mild reflux and atmosphere of
nitrogen (the reaction temperature = ~ 105°C). At the
end of 24 hrs. of the reaction, gas chromatographic
analyslis indicated that the reaction was completed.
After removal of the excess silane, the residue was
distilled to give 27 g. (61% yield) of pure

CHs CHs
C1S1CH2CH2 (CF2)2,30(CF2)2CH2CH81C1, b.p. 152° (1 mm.).
CH»> CH»> ‘
CHz CHz
CFS CFS

The spectral (infrared, H', and F*° nmr) properties were
completely in agreement with the assigned structure.
Elemental analysis is in progress. ‘

19. Hydrolysis and Polymerization of C1Si(CHs)-
{CF3CHaCHz ) CHoCHp (CF2)2,30(CFg ) oCHaCHo =
(CFaCHpCHp ) (CHa )SiCl

Into a stirred mixture of 17 g. (~ 100%
excess) of NaHCOs in 200 ml. of water and 50 ml. of
ether was added a solution of 22 g. (~ 0.034 mole) of
the title chlorosilane in 100 ml. of ether at room
temperature. Then, the reaction mixture was stirred
for 6 hrs. at room temperature. The ether layer was
separated and dried over Drierite. After removal of
ether, the resulting hydrolyzate was kept under a high
vacuum at room temperature over a week-end and then
treated with 0.59 g. (0.0049 mole) of CHp=CH(CHs)2SiCl
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with stirring at 80°C for 8 hrs. During the reaction,

the reaction system was continuously purged with nitrogen.
The reaction mixture was dissolved in ether, washed with
aqueous NaHCOsz, and dried over Drierite. After removal
of ether, the resulting prepolymer was then mixed with

5 drops of tetramethylguanidine-trifluoroacetic acid, and
the mixture was stirred at 80°C for 15 hrs. under a high
vacuum. The fluld polymer was dissolved in ether, washed
with aqueous NaHCOz, and dried over Drierite. The ether
was removed 1ln vacuo, and the resulting fluid was stripped
at 150°C under ~ 0.1 mm. Hg to yield 18 g. of sealant
consistency fluld polymer of the structure:

CHs | CHs CHs | CHas
CH2=CHS10~-S1CH2CHp (CF2) 2,30(CF2 ) 2CH2CH2S10+-S1CH=CHp
CHz | CHz CHz | CHs
CHg CHZ
CFs CFg3

- -4

H* nmr analysis indicates n is equal to ~ 15. The Tg
of the uncured polymer was found to be -48°C (-54°F, by
D.S.C.). The polymer was found to cure well by RTV
‘method and 1s belng formulated in our sealant TS&D
group.

20. Preparation of Perfluoroglutaryl Fluoride

A two liter, three-necked flask was oven
dried at 115° for 2 hrs. While still warm, it was fitted
with a stirrer and distillation head vented to a dry ice/
acetone trap, and purged with dry nitrogen. About 175 g.
(3 moles) of anhydrous KF which had been dried under
vacuum (180°/0.2 mm.) overnight was added to the reaction
flask, which was then heated to 180° for 1 hr. After
cooling, about 800 ml. of diglyme which had been heated
with lithium aluminum hydride was distilled directly
into the flask. The slurry was heated to 125° and 234 g.
(846 mmoles) of perfluoroglutaryl chloride was added
dropwlse; pure perfluoroglutaryl fluoride was collected
(172 g., 704 mmoles, 83% yield). The infrared (C=0 5.3 p)
and mass spectrum (M* = 244) were consistent with the
assigned structure.

21. Reaction of Perfluoroglutaryl Fluoride with
CsF, CFo=CFo and Brz in D.M.F.

A heavy wall 260 ml. glass ampoule was charged
with 23.0 g. (151 mmoles) of CsF and heated under vacuum
(165°/0.35 mm.) overnight. The vacuum was broken with dry
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nitrogen, and the ampoule was fitted with a septum which
was topped by a syringe needle attached to a drying tube
filled with Drierite. The ampoule was cooled in dry ice/
acetone, and 130 ml. of D.M.F. (dried over molecular
sieves) was injected via a syringe, followed by 18.3 g.
(75 mmoles) of perflucoroglutaryl fluoride. The ampoule
was warmed to room temperature and shaken on a wrist
action shaker for several hours, but only a small amount
of CsF dissolved.

The mixture was cooled to -10° and 30.5 g. (190 mmoles)
of bromine was added. The ampoule was warmed to room
temperature and then connected to a vacuum line, after
which it was cooled to -78° and evacuated again, and then
pressurized to O psig. with tetrafluoroethylene. Upon
reaching room temperature, the ampoule was pressurized

to 5 psig. with shakling. Within 3 hrs., the mixture had
become homogeneous, but still retalned the bromine color.
A 5-10 psig. pressure was maintained until no further
pressure drop was observed.

The reaction mixture was poured into dry methanol to
esterify an acyl fluorides present. Glc/mass spec.
analyses of the mixture showed the presence of approxi-
mately equimolar amounts of BrCFzCFzBr and MeOz(CFz)a-
CO2Me, in addition to a trace amount of the desired ether,
BrCFCF20(CFz)sOCF2CFzBr, and three other products prob-
ably containing amide linkages (postulated to arise from
reaction of solvent impurities with perfluoroglutaryl
fluoride).

Repetition of this reaction using D.M.F. distilled from
P-0s led to a somewhat similar product distribution with
the exception of one new peak; the mixture 1is presently
being analyzed by glc/mass spec.

Repetition of this reaction under essentially identical
conditions in the presence of about 190 mmoles of impure
AlBrs led to the isolation of BrCFaCFoBr and a small
amount of an intractable oll.
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B. FCS-610/Siloxane Copolymer Sealants

CHs CHs CHs CHs
1. Attempted Preparation of C18i(0Si)sCHaCHz(CFz)e(S10)aS1iC1
CHz CHa CHo CHz
CHz CHa CHz CHa
CFa CFg CFg  CFa

An attempt was made to prepare the title compound
based on FCS-610 dichloride and (3,3,3-trifluoropropyl)methyl-
cyclotrisiloxane. The title compound appears to have formed
in the reaction pot according to gas chromatographic analysis.
However, distillation of the reaction mixture gave a multi-
component high boiling mixture, and no pure product was
obtalned.

2. Preparation of FCS-610/Siloxane Copolymer Sealant

About 388 g. (0.55 mole) of FCS-610 dichloride
was hydrolyzed using sodium bicarbonate-ether system. The
hydrolyzate was mixed with 106 g. (0.55 mole) of CFaCHzCHz-
(CH3)SiClz and 8.6 g. (0.074 mole) of CH>=CH(CHs)2SiCl,
and the mixture was stirred at 100°C for ca. 8 hrs. under
a steam of dry nitrogen. The reaction mixture was dissolved
in one pound of ether and treated with aqueous sodium bi-
carbonate solution. The ether solution was dried over
Drierite and ether was evaporated 1in vacuo to yield a pre-
polymer. The resulting prepolymer was condensed 1n the
presence of ca. 20 drops of tetramethylguanidinetrifluoro-
acetic acid solution by heating at 100°C with stirring
under a high vacuum for 6 hrs. The resulting polymer was
dissolved in ether, washed with dllute hydrochloric acid
and aqueous sodlum bicarbonate solution, and dried over
Drierite. After removal of ether in vacuo, the viscous
fluid polymer was stripped under 0.25 mm. Hg pressure at
150°C for 5 hrs. to yleld 325 g. of viscous fluid polymer
having a molecular weight of 17,600 (gpc). The elemental
analysis and spectral data suggest that the polymer is a
vinyl end blocked 1:1 molar copolymer of FCS-610 and
(3,3,3-trifluoropropyl )methylsiloxane.

The polymer was found to cure by a RTV method to yleld a
high consistency rubber. The Tg was found to be -43°C
and -39°C (by D.S.C.) for uncured and cured samples,
respectively. Therefore, a significant improvement of
Tg was indeed realized with this copolymer sealant. The
evaluation of thermal stability of this copolymer is 1in
progress by our TS&D group.
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An additional quantity of the sealant consistency copolymer
was similarly prepared and formulated. About one pound of
the formulated sealant was submitted to AFML for evaluation.

3. Preparation of C1(CFsCHpCHp)(CHs)S10(CFaCHzCHp)-
CHs )51 (CHp )2 (CF2 ,(cnajgﬁi%éﬁ;“ CHaCHaCFg ) 0S1-
7%@*?5%;6%5%%;761

[ 1

A 500 ml., three-neck flask fitted with a water
cooled condenser, a constant pressure addition funnel, a
thermowell connected to a heat controller and a magnetic
stirrer was charged with 184 g. (0.56 mole) of C1l({CFsCHzCHz)-
(CH3 )S10S1i(CHs ) (CH2CH2CFg )H and 10 drops of 0.1 M solution
of HaPtCle-6H20 in isopropanol and heated to 90°C. The
heat was turned down and the temperature was maintained by
addition of 61 g. (0.25 mole) of CH2=CH$CF2)aCH=CH2. After
addition, the mixture was heated to 125°C and left for one
week. The reaction progress was followed by glpc analysis.
The product (~45 g.) was separated by distillation through
a short column under high vacuum, b.p. 203°C (0.10 mm. Hg),

ng° 1.3807.

Anal. calc'd. for CgeHaeClgng,OaSi‘g: C, 30.63; H, 3.53%.
Found: C, 30.62; H, 3.67.

4, ﬁydrol sis and Polymerization of Cl[ (CF3CH>CHo)-
CHs )S310(CFsCH-CH CHa )S1(CH CF2 ) e{CH Si-
CHs (CHgCHgCFssOSi CHz ) (CHoCHoCF Cl

About 38 g. (0.0372 mole) of the title compound
was hydrolyzed using sodium bicarbonate-ether system. To
the resulting hydrolyzate was added 0.70 g. (0.0058 mole)
(1:6 ratio) of CHp=CH(CHa)2SiCl. This mixture was stirred
and heated to 80°C for ~ 72 hrs. The resulting mixture
was diluted with ether and washed twice with water/sodium
bicarbonate solution and once with water/sodium chloride
solution and dried over Drierite. After the ether was
evaporated in vacuo, the resulting prepolymer was conden-
sed in the presence of ~ 5 drops of tetramethylguanidine-
trifluoroacetic acid solution by heating to 80°C with
stirring under a high vacuum for 4 hrs. The resulting
polymer was dissolved in ether, washed twice with water
and once with water/sodium chloride solution and dried
over Drierite. After removal of ether in vacuo, the viscous
fluid polymer was stripped under vacuum to 150°C for 2.5 hrs.

The polymer was found to cure by a RTV method to yield a
high consistency rubber. The Tg was found to be -55°C gby
D.S.C.) for the uncured polymer. DP determination by H
nmr was 12-14,
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Anal. calc'd. for polymer DP = 12: C, 32.67; H, 3.38.
Found: C, 32.4; H, 3.91.

. C. Preparation of Difunctional Ethers from Perchloro-
1,5=-butadiene

1. Preparation of CQ;3=CCICCI=CCI(OCH3) '

Into 2 kg. (7.7 moles) of stirred perchloro-
buta-1l,3-diene, 1502 g. (7.0 moles NaOCHs) of a 25% (by
welght) solution of NaOCHs in CH3OH was added slowly
(addition time 3.5 hrs.). After the addition was complete,
the reaction mixture was maintained at 57°C for 2 hrs.,
and then allowed to cool. About 4 1. of water was added
and this mixture was then extracted with ether. The
. ether layer was separated, dired over Drilierite, and was
evaporated in vacuo, resulting in a residue of 1853 g.
of a compleX mixture which was thought to contain some
unreacted starting material, CClp=CClCCl=CC1(OCHs),
CCl2=CC1CC1=C(OCHg )2, and CHClz=-C(OCHs)=CC1-C(OCHs)s .

The NaOCHs appears to be so much more reactive toward

the perchlorobutadiene than NaOCzHs that even adding

the NaOCHsz solution to an excess of the olefin did not
control 1ts tendency to form multi-methyoxylated compounds.

2. Preparation of CClg=001-001=001(OQ3H5)

About 2.8 1. (ca. 83.1 moles) of absolute
ethanol was added slowly to a three-neck flask contalning
264.5 g. (11.5 g.-atomsg of metallic sodium. After all
the sodium had reacted the solution was allowed to cool
to room temperature. To this stirred solution 2 kg.
i7.7 moles) of perchloro-1,3-butadiene was added dropwise

addition time 1.5 hrs.). A mild exothermic reaction
occurred, resulting in the reaction temperature reaching
39°C. Two hrs. after the addition had been completed

the reaction mixture was heated to TO°C for 1/2 hr.
After allowing the mixture to cool, about 4 1. of water
was added and thils mixture was then extracted with ether.
The ether layer was separated and dried over Drierite.
The ether was evaporated in vacuo and the residue was
distilled to give 935.8 g. (59% gield) of CClz=CClCCl=CCl~
(OC2Hs), b.p. 82°C (0.2 mm.), n§ 1.5235. The spectral
properties of the product were Consistent wlith the assigned
structure. ’

Anal, cale'd. for CegHsCls0: C, 26.65; H, 1.86; Cl, 65.57.
Found: C, 26.95; H, 1.93; Cl, 66.0.
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A series of large scale reactions using the procedure
above yielded a total of 6425 g. (23.8 moles) of the
desired product.

5. Preparation of CClg=CClCC1ggCI

a. From the CC1lp=CC1CC1=CC1(OCHs) Mixture

Dry chlorine was bubbled into the 1853 g.
of the mixture containing CClp=CC1CC1l=CC1l(OCHs) for 54 hrs.
When the chlorine addition was completed, the reaction
mixture was heated slowly to 130°C, allowing the rearrange-
ment to occur. The distillation of this reaction mixture
proved to be very difficult and only 318 g. (0.15 mole)
of perchlorocrotonyl chloride was obtained pure.

b. From CClp=CC1CC1=CC1(0C2Hs)

Dry chlorine was bubbled into 689 g.
(2.55 moles) of C12C=CC1CC1=CC1l(0CzHs) for 6 hrs. During
the addition, an exothermic reaction heated the solution
to 40°C. The reaction was monitored by glpc. When the
chlorine addition was completed, the reaction mixture
was heéated slowly to 130°C, allowing the rearrangement
to occur. The reaction mixture was distilled to yield
541.5 g. (77% yleld) of the desired perchlorocrotonyl
chloride, b.p. 66°C (0.6 mm.), nge 1.5378.

Anal. calc'd. for C.Cle0: C, 17.36; Cl, 76.86. Found:
¢, I7.6; C1, 73.7.

The chlorination of 6.5 kg. (23.6 moles) of 1,2,3,4,4-
pentachloro-l-ethoxybuta-1,3~-diene was accompllshed by

the above method to yield 4860 g. (17.6 moles, 75% distil-
led yleld) of pure perchlorocrotonyl chloride.

Cl_Ci

4y, Preparation of Cl» Clz

)

A flask was charged with 110.5 g. (0.399 mole)
of the perchlorocrotonyl chloride and 1.1 g. of FeCls.
After stirring the reaction mixture at 175°C for 2.5 hrs.,
it was strip distilled. The distillate, 97.3 g. (88%

-yield), b.p. 49-64°C (0.8-2.0 mm.), crystallized upon

standing at room temperature. A glpc of a CCls solution
of the crystals indicated them to be 99+% pure. A small
amount of the crystals were recrystallized from a MeOH-
H20 solution, m.p. 37-39°C (1it.(15), 38-39°C). The
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infrared spectrum was consistent with the reported spectrum
of the perchloro-2,5-dihydrofuran.

Anal. calc'd. for C4Cle0: C, 17.36; Cl, 76.86. Found:
C, I7.5 50; Cl1, 73.6. .

The isomerization of 4.86 kg. (17.6 moles) of perchloro-
crotonyl chloride by the above method yielded 3.5 kg. (12.6
moles) of the perchloro-2,5-dihydrofuran.

Cl Cl
5. Preparation of Fgl 0 ) Fo

A mixture of 97.3 (0.352 mole) of perchloro-
2,5-dihydrofuran, 125.7 g. (O. 703 mole) of antimony tri-
fluoride, and 52.6 g. (0.176 mole) of antimony pentachloride
were heated to 110°C and stirred for 4 hrs. This mixture
was then strip distilled at room temperature under vacuum
to yield 49.5 g. (67% yield) of the desired 3,4-dichloro-
2,2,5,5~tetrafluoro~2,5-dihydrofuran,

ci__C1
Fa (o / F2
and 13.5 E (18% yield) of the y-lactone of 4- hydroxy-2 3-
dichloro-4,4-difluoro-but-2-enoic acid,
Cl Cl
o 2

A mixture of 137.7 g. (0.498 mole) of perchloro-2,5-
dihydrofuran, 1 7 9 g. (0 295 mole) of dried antimony tri-
fluoride, and 7 9 mole) of antimony penta-
chloride were heated to 100 C and stirred for 2 hrs. This
mixture was then strip distilled at room temperature under
vacuum to yield 100.1 g. (95% yield) of the desired

3, 4-dichloro-2 2,5,5-tetrafluoro-2,5-dihydrofuran (b.p.
73-T74°C). F 18’ nmr ilndicates a singlet at 76.5 ppm. while
the infrared spectrum is conslstent wlth the assigned
structure.

Found: C, 21.7; C, 33.2; F, 37.3.

An additional 867 g. (3.13 moles) of perchloro-2,5-di-
hydrofuran was converted vlia the above method to 511 g.
(2.42 moles) of the desired product and 10 g. (0.053
mole) of the lactone.
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6. Preparation of O(CFzCOOH)p

To a stirred mixture of 123.9 g. (0.587 mole)
of 3,4%-dichloro-2,2,5,5-tetrafluoro-2,5-dihydrofuran and
617 ml. of dry acetone at room temperature, 97.5 g.
(0.617 mole) of KMnO, was added incrementally over a 3
hr, period. Before strip distilling the acetone from
the reaction mixture, 617 ml. of water was added to the
reaction mixture. The dark brown aqueous suspension
was acidified with sulfuric acid, decolorized with sulfur
dioxide, and extracted with ether. The ether solution
was separated, dried by filtration through magnesium sul-
fate, and the ether was removed in vacuo. Preliminary
attempts at sublimation or recrystallization of the 8%.6 g.
of brown solid were unsuccessful. An infrared spectrum
of the solid indicated absorption at 2,400 to_3,500 cm.
(-OH), ca. 1765 cm. * (€=0), 1130 to 1250 cm.”* (CFz) and
ca. 1090 cm. * (C-0-C). These data are consistent with
the solid being crude perfluorooxydiacetic acid. The

‘crude acid was converted to the corresponding diacyl

chloride without further purification.

Similarly, about 511 g. (2.42 moles) of 3,4-dichloro-
2,2,5,5-tetrafluoro-2,5-dihydrofuran was oxidized to
yield 410.8 g. (82% yield) of crude perfluorooxydiacetic
acid.

7. Preparation of O(CFgg01)g

Crude perfluorooxydiacetic acid (79.% g.) and
phthaloyl chloride (200.2 g., 0.96 mole) were combined and
refluxed for 6 hrs. The reaction mixture was distilled in
vacuo to yleld 54.0 g. of gerfluorooxydiacetyl chloridgi
b.p. 47°C (128-14% mm.); nD5 1.3539; infrared 1800 cm.
(c=0); F*® mmr singlet at ~77.0 ppm., CF2 (CClsF reference).

Found: C, 19.35; C1, 28.6; F, 31.1.

8. Preparation of O(CFg@Fla

About 20 g. (0.082 mole) of O(CF2ﬁ01)2 was
added in about 15 minutes to 13.5 g. (0.33 mole)of dry
NaF in 165 ml. of acetonitrile. After stirring for 0
minutes at ambient temperature the reaction mixture was
analyzed by glc., mass spec. and shown to be a mixture of

8 Fo Fo
O(CF2CF)2, and Fa . Isolation of the desired product
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was not realized since the isomers tend to codistill.
The infrared spectrum of one distillation cut (97% pure
by glec) indicates absorptions at both 5.28 p [O(CFagF)g]

_ . 7
and 5.36 u<f [ii]\ . Separation will be accomplished
Fa N ¢)

by distillation when larger samples of the material are
availlabvle.

D. Coupling of I(CFg),I with Aromatic Halides

1. Telomerization of CFp=CFp in the Presence of
1CKaCFo T

A 1.4 1. autoclave was charged with ICFoCFoI
(354% g., 1.0 mole) and pressurized to 125 psi. with
CF2=CFz. The mixture was heated to 210-250°C, cooled
and the process repeated for seven cycles. Analysis of
the products by glpc showed I(CFz)2I (44), I(CF2¥4I (15%) ,
I(CF2)eI (24%), I(CF2)sI (27%), I(CF2)iol (19%), I(CFz)i=I
(8%), I(CF2)14I (2%) and IéCFggleI (14). Distillation

CFz)elI.

of the mixture gave pure I

2. Coupling Reactions Between I(CFp)eI and Aromatic
Halides

A flask fitted with a reflux condenser, thermo-
meter, stirrer and Nz purge was dried, and charged with
reactants as shown in Table II. Dimefhylformamide was
distilled from P20s and stored over 5A molecular seives.
Powdered copper was activated with a 2% solution of Ip
in acetone. The reaction conditions are summarized in
Table II, and the reaction was followed by glpc. The
products from runs 1-5 were mixed with benzene and 10%
aqueous HCl, filtered and the benzene layer devolatilized
and analyzed by glpc. The products from run 6 were diluted
with ether (200 ml.), and a solid (71.0 g.) was removed
by filtration. Copper lodide (20.6 g.) was precipitated
from the ether layer with water (250 ml.). The aqueous phase
was extracted with ether (50 ml.) and the combined ether
phases devolatilized to yield a solid (174 g.), Analysis
by glpc showed unreacted m-diiodobenzene and unresolved by-
products. Pure m-diiodobenzene (85 g.) was recovered by
recrystallization from ethanol. The mother liquor was
devolatilized to yield 17.1 g. of a residue which contained

I I :
@(CFa)e@ (11 area %), I@(cpa)ex (5 area %) and
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a mixture of m-diiodobenzene and unresolved by-products
(8.4 area %).

E. Miscellaneous Reactlons

1. Reaction of XCFaCFoX (X = Br, I) with CFg@CFa/
CFp=CFp

a. BrCFaCFaBr

A solution of 117 g. (0.45 mole) of
BrCF2CF2Br and 2 g. of di-t-butyl peroxide was placed
in an evacuated 300 ml. stalnless steel autoclave. The
autoclave was cooled to ca. =-50°C and charged with 75 g.
(0.45 mole) of CF3COCF3 and then with CF,=CF, to a pres-
sure of 100 psi. The reaction was heated at 125°C while
rocking end-to-end. The reaction was stopped at the end
of 24 hrs., during which period the pressure dropped from
ca. 420 psi. (125°C) to ca. 360 psi. (125°C). Gas chro-
matographic analysis of the crude reaction product (145 g.)
indicated the presence of three products ("a" = 39%, "b" =
18%, and "c¢" = 43%) in addition to BrCFoCFzBr. After re-
moval of BrCFoCF,Br, the resulting residue was distilled
to yield ca. 4 g. of pure "a', b.p. 77°C/38 mm., n2® 1.3375.
The products "b" and "c¢" could not be isolated becduse of
the small quantity.

On the basis of infrared, b.p. and refractive index; the
Fa ‘

product "a" is assigned CF3§CH280H3 which is formed by

o H

Aldol condensation between acetone (from decomposition of
di-t-butyl peroxide) and perfluoroacetone.

b. ICFgCFgl

A mixtured 71 g. (0.2 mole) of ICFoCF:I,
30 g. (0.3 mole) of CF2=CF2, and 66 g. (0.4 mole) of
CFsCOCFs was placed in an evacuated stalnless steel auto-
clave (300 ml.). The reaction was heated at 190°C for
48 hrs. while rocking end-to-end. During the reaction,
pressure dropped from 850 psi. to T40 psi. (at 190°C).
The reaction product was composed of 50 g. of liquid and
a significant amount of solid iodine. Distillation of the
liquid product gave unreacted ICF2CF2I and 12 g. of
I(CF2)4I, b.p. 55-56°/25 mm., n2® 1.4270. The infrared
absorption spectrum was identical to that of known
I(CF2)4I, and the F*® nmr spectrum was comprised of signals
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centered at & +58.5 ppm. and § 112.5 ppm. (reference to
CClsF) with an area ratio of 1:1.

¢c. BrCFaCFoI

Followling the procedure outlined above in
(1) and (2) the reaction of BI’CFQCFgI with CF3000F3/CF2=CF2
gave a very low conversion to several unidentified products.

2. Attempted Pyrolysis of Perfluoroethers

A reactor tube made of 3/4 in. nickel pipe,
and packed with about 170 g. of 1/4 in. carborundum
spheres, was placed 1n & 30 cm. long furnace. Two addi-
tion funnels, one charged with approximately 30 g. of
perfluoroether, the other with approximately 150 g. of
bromine, were connected to the top of the reactor tube
while a water scrubber was connected to the bottom. The
reactor was heated to the desired temperature (450-600°C)
and purged with nitrogen. The perfluoroether and bromine
were then metered in a ratio of 1:5 respectively into the
heated tube over a period of 5 to 8.5 hrs.

After complete addition, the reactor was cooled and the
water scrubber emptied. The resulting material was ex-
tracted with Freon® 113. The organic layer was dried

and filtered. The Freon® 113 was removed in vacuo leaving
an oilly residue. Glpe, infrared and F° nmr of the residue
were taken. Reaction conditions and data derived from F®
nmr are recorded in Table I.

-

. o) Cx Cl
A solution of 16 g. (0.06 mole) of HSi-ZI S)j-SiH
: Mes Meso

in 50 ml. of ether was added slowly to a stirred mixture
of 25 ml. of water, 25 ml. of ether, and several pleces

of 0.2% Pd on carbon, at ambient temperature (ca. 20°C).
The reaction mixture was stirred overnight at room tempera-
ture and filtered. The ether layer was separated and
dried over Drierite. After removal of ether 1in vacuo, the
solid hydrolyzate (no =SiH by infrared) was mixed with ca.
3 drops of CHz=CH(CF3CHzCH>)SiClz and heated at 100°C for
5> hrs. while stirring under a stream of nitrogen. The re-
sulting prepolymer was dissolved in ether, and the ether
solutlon was washed with aqueous sodium bicarbonate and
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dried over Drierlite. The ether was removed in vacuo

and the residue was stirred at 100°C in vacuo for

15 hrs. with four drops of tetramethylguanidine-trifluoro-
acetic acld solution. After cooling a stiff gummy polymer
was collected. ]

Anal. calc'd. for CeHi12C12S1-S: C, 35.9%; H, 4.53; C1,
36622; S, 11.99. Found: C, 34.0; H, 4.47; Cl, 23.2; S,

The Tg of the polymer was found to be +3°C (by D.S.C.).
Differential thermal analysis (10°C/min.) indicated that
an oxidation began at 260°C and a rapid oxidation occurred
at 480°C. Isothermal gravimetric analysis indicated ca.
14% weight loss at 250°C/24 hrs. in air and ca. 56% weight
loss at 316°C/24 hrs. in air. The polymer was found to
possess some fire-retardant properties and was given to

AFML,
4, %ydrol sis and Attempted Polymerization of
Cﬁgigsilggéiegi(ﬁﬁgfaﬂ

Into a stirred slurry of 25 ml. of water,
several pieces of 0.2% Pd on carbon and 25 ml. of ether
was added slowly 15 g. (0.038 mole) of HSi(CHs)2(CFz)e-
(CH3)2SiH in 50 ml. of ether at room temperature under
an atmosphere of nitrogen. After the addition, the re-
action mixture was stirred at room temperature for 48
hrs. An infrared speéectrum of the reaction mixture showed
a strong =SiH_band (ca. 2100 em. %) along with =SiOH band
(ca. 3300 cm. *)., Therefore, additional Pd on carbon (ca.
15 pieces of 4-12 mesh) was introduced and the reaction
mixture was continuously stirred at room temperature for
seven days. The reaction mixture was filtered and the
ether layer separated. Removal of ether in vacuo yielded
a creamy white waxy solid hydrolyzate. Infrared spectrum
of the hydrolyzate showed the absence of the =SiH function.

The waxy solid hydrolyzate was then subjected to condensation
in the presence of 4 drops of tetramethylguanidinetrifluoro-
acetic acid at 80°C under a high vacuum with stirring. Under
the conditlons of polymerilzation, the waxy solid hydrolyzate
was melted, but no apparent viscosity lncrease was noticed
during 15 hrs. of reaction. During the reaction, a small
amount of volatiles was collected in dry ice cooled trap

and found to be H(CFz2)eH (by F*° nmr, glc, and mass spec.).
The resulting reaction product was a yellowish-brown liquid
and composed of more than ten components (glc). The spectral
properties of the reaction product indicate the presence of
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Me CHs | CHs CHs | CHs
(sm)x, H(CF2)eS1—0S1i(CF2) eSi S1(CFz)eH, and others.
Me CHs | CHs CHs CHa

X

Tgerefore, it 1s apparent that an extensive cleavage of

-C=Si= bond occurs under such mild conditions of
F

polymerization.

5. Attempted Reaction of CyFisBr with KI

A three-neck 100 ml. flask fitted with a
thermometer, stirrer, and water-cooled condenser was
charged with 13.3 g. (80 mmoles) of finely powdered KI,
9.0 g. (20 mmoles) of C7FisBr, and 50 ml. of D.M.F.

The mixture was stirred with heating to 80-85° for
three days. Glc analysls of a hydrolyzed aliquot in=-
dicated little, 1f any, reaction. Contlnued heating at
110° for two days resulted in the formation of small
amount of gummy materlal. Hydrolysis of the reactlon
mixture yielded only a small amount of an organic layer
consisting of starting material. .

6. Dehydroiodination of ICHoCHp(CFp)aCHaCHpI

A one-llter, three-neck flask equlpped with
a water cooled condenser, a stirring rod and paddle and a
constant pressure addition funnel, was charged with 51.7 g.
(0.126 mole) of ICH2CHz(CFz)2CHoCH2I in 250 ml. absolute
methanol. The system was purged with dry nitrogen and
the solution was heated to a mild reflux. The addition
funnel was charged with 20.5 g. (0.311 mole) of 85% KOH
dissolved in 100 ml. of absolute methanol. The heating
was discontinued and reflux was malntalned yia addition
of the KOH solution. After reacting overnight, the
mixture was added to water and extracted three times
with ether. The comblned ether extracts were washed
three times wlth water, dried over Drierite, and filtered
through anhydrous MgaSO4. Glpc pure diene, CHx=CHCF>-
CFoCH=CH, was lsolated by a distillation. The infrared
spectrum was ldentical in every detall with that of
the diene prepared previously.

7. Preparation of C1S1(C CFsCH-CH, )CHoCHo -
CF5CF-CHoCH, (CF3 CHoCH CHg )SiCl

About 100 g. of the FCS-210 dichloride was
prepared according to the method described previously(10).
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8. Addition of HSi(CEg[gCl to CHp=CHCFaCFaCH=CHz

A 50 ml., three-neck flask fitted with an
addition funnel, a magnetic stirrer, and a water cooled-
condenser was charged with 10.8 g. (0.114% mole) of
HSiMepoCl and heated to reflux. After reflux was attained
a small amount of HaPtCle®6Hz0 was added, the heating
was discontinued, and reflux was maintained by addition
of 3.9 g. (0.0253 mole) of CHz=CH(CFz)2CH=CHz. After
the addition was completed, the reaction was malintained
at reflux for 48 hrs. The reaction progress was fol-
lowed by glpc. The reactlon mixture has not yet been
worked up. , '

39




SECTION

IV. Summary and Conclusions

The obJjective of this exploratory development is the
synthesis and evaluation of hybrid fluorosilicone sealants
for possible use as integral fuel tank sealants and other
applications in high performance aircraft.

The synthesis of alpha,omega-difunctional fluorocarbon
ethers was accomplished from both BrCFoCFz2COF and
FOC(CF2)sCOF in which the functional groups were either
bromine or iodine. An additional starting material,
FOCCFoO0CF-COF was successfully prepared starting with
1,4-hexachlorobutadiene. It was found that these functional
fluorocarbon ethers could be coupled to form short polymer
chains using mercury. Initial studies of the coupling of
alpha,omega-dilodofluorocarbons with aromatic halides were
successful indicating that such compounds can be prepared

in good yleld.

Ci Cl

The polymerization of the mbnomer, HS1i SiH, furnished
‘ Meo Meo i

by AFML gave a stiff gum which was given preliminary evalua-
tion. The polymer was only moderately stable but did show
some fire retardant properties. A second monomer, HS1i(CHs)z-
(CF2)e(CHa )2S1H, gave extensive decomposition when polymeriza-
tion was attempted.

A hybrid fluorosilicone-fluoroether (FES) sealant was pre-
pared containing the ether unit, -CFaCF20(CFz2)z,s- in the
polymer backbone. It 1s presently being evaluated in our
laboratories.

A sample of formulated sealant (in excess of one pound) pre-
pared as a random copolymer of FCS-610 and poly(3,3,3-tri-
fluoropropyl)methylsiloxane was submitted to AFML (LNE)

for evaluation.

Brief experlmental studies were devoted to explorlng the
following reactions but no conclusive results were obtained
and further effort is not contemplated.

1. Reaction of CFa=CFz with (CFs)20 in the presence of
bromine or lodine and a radical inltiator to form
ethers.

4o




2. The pyrolysis of commerclally available fluoro-
ethers (Fomblin®, Krytox®, and Freon® E-5) in
the presence of bromlne to give functional fluoro-
ethers.

Since the original objective of the program, the achleve-
ment of reversion and fuel resistance, was met by the hy-
brid fluorosilicone polymer system, the course of the work
has polinted toward better low temperature properties and
increased oxidative resistance. Preliminary studles have
shown that these objJectives are feasible as discussed in
the following paragraphs.

Extending the low temperature flexibility can be realized

in two ways: incorporation of a fluoroether segment in
place of a fluorocarbon in the polymer backbone and in-
creasing the chain length of the siloxane portion of the
backbone. Both of these routes have been amply demonstrated
and wlll be pursued during the next contract period.

The use of segments other than -CHCHz~- in the polymer
backbone should increase oxidative stabllity. In parti-
cular the phenylene structure should lend itself to this
use and studies are presently underway to synthesize an
FCS system contalning this unit.

During the ensuing contract period, it is anticipated that

a large sample of a formulated FES sealant wlll be pre-
pared for evaluation by AFML and Dow Corning.
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carbon ethers was accomplished from both BrCFoCFoCOF and FOC(CF9)3COF in which the
functional groups were either bromine or iodine. An additional starting material,
FOCCF90CF9COF was succesefully prepared starting with 1,4-hexachlorobutadiene. It was
found that these functional fluorocarbon ethers could be coupled to form short polymer
chaine using mercury. Initial studies of the coupling of alpha,omega-diiodofluoro-
carbons with aromatic halides were successful indicating that such compounds can be
prepared in good yield. The polymerization of the monomer, Cl_Cl1  furnished
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by AFML gave a stiff gum which was given preliminary evaluation. The polymer was only
moderately stable but did chow some fire retardant properties. A second monomer,
HSi(CHz)2(CF9)g(CH3)2SiH, gave extensive decomposition when polymerization was attempt-
ed. A hybrid fluorosilicone-fluoroether (FES) sealant was prepared containing the
ether unit, -CF9CF20(CF2)2,3- in the polymer backbone. It is precently being evaluated
in our laboratories. A sample of formulated sealant (in excess of 1 1b.) prepared ac a
random copolymer of FCS-610 and poly(3,3,3-trifluoropropyl)methyleiloxane was submitted
to AFML (LNE) for evaluation.
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